daf-16/FOXO and glod-4/glyoxalase-1 are required for the life-prolonging effect of human insulin under high glucose conditions in Caenorhabditis elegans.
The aim of this study was to determine the protective effects of human insulin and its analogues, B28Asp human insulin (insulin aspart) and B29Lys(ε-tetradecanoyl),desB30 human insulin (insulin detemir), against glucose-induced lifespan reduction and neuronal damage in the model organism Caenorhabditis elegans and to elucidate the underlying mechanisms. Nematodes were cultivated under high glucose (HG) conditions comparable with the situation in diabetic patients and treated with human insulin and its analogues. Lifespan was assessed and neuronal damage was evaluated with regard to structural and functional impairment. Additionally, the activity of glyoxalase-1 and superoxide dismutase (SOD) and the formation of reactive oxygen species (ROS) and AGEs were determined. Insulin and its analogues reversed the life-shortening effect of HG conditions and prevented the glucose-induced neuronal impairment. Insulin treatment under HG conditions was associated with reduced concentration of glucose, as well as a reduced formation of ROS and AGEs, and increased SOD activity. These effects were dependent on the Forkhead box O (FOXO) homologue abnormal dauer formation (DAF)-16. Furthermore, glyoxalase-1 activity, which was impaired under HG conditions, was restored by human insulin. This was essential for the insulin-induced lifespan extension under HG conditions, as no change in lifespan was observed following either suppression or overexpression of glyoxalase-1. Human insulin and its analogues prevent the reduction in lifespan and neuronal damage caused by HG conditions. The effect of human insulin is mediated by a daf-2/insulin receptor and daf-16/FOXO-dependent pathway and is mediated by upregulation of detoxifying mechanisms.